The factors contributing to the eosinophilic inflammation in chronic rhinosinusitis with nasal polyps (CRSwNP) remain elusive. This study was designed to investigate the inflammatory patterns and tissue remodeling of CRSwNP in patients from central China at two time points over 14 years apart and the influence of age. Results: The number of eosinophils and proportion of eosinophilic CRSwNP were increased, whereas the numbers of total inflammatory cells and lymphocytes were decreased in group B as compared with group A. Group B had severer epithelial squamous metaplasia and basement membrane thickening, and a lower number of mucosal glands than group A. Higher numbers of ECP + , IL-5 + and IgE + cells were detected in group B than those in group A. The elderly (≥ 60 yrs) and non-elderly (< 60 yrs) had a comparable number of eosinophils and ratio of eosinophilic CRSwNP.
Introduction
Although eosinophilic inflammation is a cardinal feature of chronic rhinosinusitis with nasal polyps (CRSwNP) in Western countries (1, 2) , a significant percentage of CRSwNP patients in East Asian countries including China, Korea, and Japan do not demonstrate obvious eosinophilic inflammation (3) (4) (5) . Particularly, studies directly comparing patients from Western countries and China have revealed less eosinophilic inflammation in Chinese patients (6) (7) (8) .
The reasons underlying different patterns of inflammation between Asian and Caucasian patients are unclear. Recently, a study reported lower eosinophilia and a reduced proportion of eosinophilic CRSwNP in US second-generation Asian patients as compared with African American and Caucasian American patients, suggesting a potential genetic regulation of eosinophilia (9) . On the other hand, three studies comparing CRSwNP in different periods of time in Korean and Thai patients interestingly showed that there was a trend of increase of eosinophil infiltration and proportion of eosinophilic type in CRSwNP over time (10) (11) (12) , indicating an involvement of environmental factors in the development of eosinophilic inflammation in CRSwNP.
However, two of the three reported studies included not only adult patients but also non-adult patients (10, 11) , and one study enrolled patients with unilateral disease (12) , which might bias the results. Moreover, the studies on Thai and Korean population reported conflicting results on the neutrophilic inflammation in CRSwNP over time (10, 11) . Although Chinese CRSwNP patients also demonstrate less eosinophilic and more neutrophilic inflammation compared with Caucasian patients (7, 8) , whether there are histopathological changes over time in Chinese has not been studied yet. In addition to the changes in inflammation patterns, whether there is a change in tissue remodeling over time in
Chinese patients with CRSwNP has not been investigated either.
Recent studies have demonstrated a potential influence of age on the airway inflammation. Cho and collaborators suggested that eosinophilic inflammation may subside with age in patients with CRSwNP (13) . While, Kim and collaborators reported that the elderly had a lower number of neutrophils compared with the non-elderly in patients with non-eosinophilic CRSwNP, and no significant difference in inflammation between elderly and non-elderly was found in patients with eosinophilic CRSwNP (14) .
Those inconsistent findings argue for further investigation of the influence of age on the inflammation in patients with CRSwNP.
The purposes of the current study were: 1) to investigate the change of inflammatory patterns as well as tissue remodeling over time in adult patients with CRSwNP in central China, and 2) to investigate whether there is an age-related difference and whether it varies along with time in patients with CRSwNP in central China.
Material and Methods

Subjects
This study was approved by the Ethics Committee of Tongji Medical College of Huazhong University of Science and Technology, Wuhan, China, and conducted with written informed consent from patients. The diagnosis of CRSwNP was made according to the current European EAACI Position Paper on Rhinosinusitis and Nasal Polyps (2) . The atopic status was evaluated by skin prick test to a panel of aeroallergens common in our region. The diagnosis of asthma and aspirin sensitivity was based on history and physician diagnosis. All patients were over 18 years and had bilateral nasal polyps (NP). Subjects who had antrochoanal polyps, cystic fibrosis, fungal sinusitis, vasculitis, or primary ciliary dyskinesia were excluded. All the patients received sinus surgery after failure of medical treatment. Patients did not receive systemic glucocorticoids or intranasal steroids within 1 month before surgery. Since surgical trauma may lead to tissue remodeling and alter histology, patients with previous surgical history for CRS were also excluded in the present study. NP specimens were collected during surgery. NPs were defined as eosinophilic when the average percent eosinophils exceeded 10% of total inflammatory cells as defined by our previous study (3) . The cut-off was calculated as twice the SD of the mean of eosinophil percentage in controls (3) .
In addition, the severity of stromal edema and fibrosis was evaluated under low power magnification. Stromal edema and stromal fibrosis were semi-quantitatively scored into categorical variables (1 = not present-focal, 2 = mild, 3 = moderate, and 4 = marked) as previous study described (10) .
Immunohistochemistry
For immunohistochemistry, after deparaffinization and rehydration, sections were subjected to heat-induced antigen retrieval using Target Retrieval Solution (Dako, Carpinteria, CA, USA).
The 3% hydrogen peroxidase was used to inhibit endogenous peroxidase and 5% bovine serum albumin was used to block non-specific binding. Sections were incubated with mouse proportion of eosinophilic CRSwNP (44%) was found in group B than in group A (15.7%) ( Table 2 ). In contrast, the numbers of total inflammatory cells and lymphocytes in group B were significantly decreased in comparison with those in group A. Notably, the numbers of neutrophils and plasma cells were comparable in both groups ( Table 2) .
As regard to tissue remodeling, the number of goblet cells was comparable between the 2 groups (Table 2 ). However, squamous metaplasia of epithelium was more frequently observed and basement membrane was thicker in group B than those in group A (Table 2 ). In contrast, the number of mucosal glands was decreased in group B compared with group A. No significant difference in stromal edema and fibrosis was revealed between group A and group B ( Table 2) . Positive correlations were found between tissue eosinophilia and the severity of epithelial squamous metaplasia (r = 0.247, P < 0.001) and basement membrane thickness (r = 0.312, P < 0.001).
Five HPFs were randomly selected and analyzed by 2 independent observers.
Statistical analysis
For continuous variables, results were expressed as medians and interquartile ranges. The Mann-Whitney U 2-tailed test was used for between-group comparison. Differences in proportions between groups were analyzed by the chi-square test. The Spearman test was used to determine correlations. Significance was accepted at P<0.05.
Results
Subjects
The demographic and clinical characteristics of patients are displayed in Table 1 . Two-hundred and forty-two adult CRSwNP patients with complete clinical information undergoing primary endoscopic sinus surgery were enrolled in this study, including 108 patients receiving surgery during 2000 and 2001 (group A) and 134 patients receiving surgery during 2014 and 2015 (group B). The two groups were comparable in gender distribution and disease duration; however, patients in group B were older than patients in group A ( Table 1 ). The prevalence of atopy and asthma and the smoking rate were similar in both groups. None of the patients had aspirin sensitivity in both groups based on history. We further divided patients into elderly (≥ 60yrs) and non-elderly (< 60yrs) groups as previously described (13) . The elderly population accounted for 13.0% and 31.3% of the subjects in group A and group B, respectively. A higher proportion of the elderly was found in group B than in group A (Table 1) .
Histology results
The number of tissue eosinophils was significantly higher in group B compared to group A (Table 2) . Consistently, a higher Given the difference in the age of patients between the two groups and previously reported influence of age on inflammation (13) , we next investigated the potential influence of age on the histological features. We subgrouped patients into elderly and non-elderly. As shown in Table 3 , we did not find a significant difference in inflammation or tissue remodeling between elderly and non-elderly patients in both groups except that the elderly in group B had less lymphocyte infiltration and severer edema compared with non-elderly in the same group.
Immunohistochemistry results
To further explore the change of inflammation patterns in
CRSwNP over time, we did immunohistochemistry study for some important molecules and cells in some patients (n = 20
for each group). In line with the findings of HE staining study, we found that the number of ECP + eosinophils was significantly increased in group B compared to group A (Table 4) . Moreover, the numbers of IL-5 + cells and IgE + cells were significantly higher in group B compared to group A (Table 4) . However, no difference in tryptase + mast cells was discovered for the two groups.
Again, similar to the findings of HE staining, we failed to find any difference in the number of MPO + neutrophils between the two groups (Table 4) . Interestingly, we found that the number of IgE 
The impact of atopy on the inflammatory patterns of CRSwNP
To explore whether atopy status having an impact on the inflammatory patterns of CRSwNP, patients were stratified into atopic and non-atopic CRSwNP and compared. 
Discussion
The present study was designed to evaluate the change in inflammatory patterns and tissue remodeling of NPs in the same geographical area in China over time. All subjects enrolled were adult patients with bilateral NPs. Consistent with previous findings in other Asian countries (10, 11) , a significant increase of eosinophilic inflammation was identified in patients with CRSwNP in central China over a 14-year period, which may relate to up-regulated Th2 reactions and local IgE in NPs and is accompanied by exaggerated epithelium remodeling.
Atopic status has been reported to be associated with tissue eosinophilia and increased levels of Th2 cytokines and IgE in patients with CRSwNP in western China (15) . In the present study, we also found that the atopic CRSwNP had a significantly incre- In Caucasian patients with CRSwNP, Staphylococcus aureus enterotoxins have been suggested, acting as both antigens and superantigens, to drive local IgE production and eosinophilic inflammation (16) . We previously demonstrated that local IgE, more likely induced by common aeroallergens, may contribute to eosinophilic inflammation in Chinese patients with nasal polyps (17) . In this study, we found that IgE + cells were increased in group B and correlated with ECP + eosinophils, suggesting a role of local IgE in driving the change of eosinophilic inflammation in Chinese CRSwNP patients over time. The factors leading to the increase of IgE in CRSwNP over time in Chinese patients are currently unclear. Intramucosal Staphylococcus aureus has been indicated as a factor contributing to the shift from neutrophilic to eosinophilic inflammation patterns in Thai CRSwNP patients (11) . However, previous studies only detected the immunoreaction to Staphylococcus aureus in a small portion of Chinese patients with CRSwNP, even in eosinophilic type, disfavoring a role of Staphylococcus aureus in inducing IgE in Chinese patients (8, 17, 18) . Very recently, IgE antibodies against Streptococcus pyogenes and Haemophilus influenzae were detected and reported in Japanese patients with eosinophilic CRSwNP (19) . Therefore, the role of bacteria or common aeroallergens in the change of local IgE in NPs deserves further studies.
In line with a previous study (10) , lymphocytes infiltration in patients with CRSwNP was significantly decreased over time.
In addition, we found that the number of total inflammatory cells was also decreased in Chinese patients with CRSwNP. The significance of those changes and the underlying mechanisms are interesting topics to be studied in the future. Kim et al. found neutrophils infiltration decreased over time in Korean CRSwNP patients (10) , on the contrary, Katotomichelakis et al. reported neutrophils increased over time in Thai CRSwNP patients (11) . In this study, by using both HE and immunohistochemical staining, we demonstrated that there was no significant change of neutrophilic inflammation in Chinese patients with CRSwNP over time.
We demonstrated an increase of squamous metaplasia and basement membrane thickening over time in Chinese patients with CRSwNP, which may be explained by the potential link between tissue eosinophilia and epithelial damage and basement membrane thickness (20) . Consistent with a previous study (10) , the number of glands was decreased over a 14-year period. Positive correlations between edema and eosinophilic inflammation, and between fibrosis and neutrophilic inflammation in CRS have been suggested previously (21) . Although both Thai and Korean patients with CRSwNP displayed an increase of eosinophilic inflammation over time, more severe edema was only reported in Thai patients with CRSwNP (10, 11) . In the present study, we did not find a significant change in edema in Chinese patients with CRSwNP either. Those discrepancies might be related to the relatively rough and subjective quantification method applied to evaluate edema and fibrosis. A more precise and objective quantification method is better to be developed and used for edema and fibrosis evaluation in the future.
There is controversy regarding the influence of age on the inflammation patterns of patients with CRSwNP (11, 13, 14) . Combining HE staining with immunohistochemistry, we did not find a significant influence of age on eosinophilic or neutrophilic inflam- 
